Introduction
The elderly population aged 65 years and older is expected to grow from about 524 million in 2010 to about 1.5 billion in 2050. 1 The number of people living alone seems to be higher with increased age. 2 With an increase in the average life expectancy along with a change in the living arrangements, the number of elderly living alone will continue to increase. In the case of elderly living alone, family support is absent, resulting in a greater chance of sustained condition of chronic diseases, both physically and mentally. [3] [4] [5] Indeed, the level of physical and mental health of elderly living alone is lower than those living with family members. 3, 6 Pharmacologic therapy is a key component in the treatment of chronic diseases. However, about 50% of patients with chronic diseases do not take medication 
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Park et al as prescribed. 7 In chronic diseases that require long-term treatment, low medication adherence usually leads to poor clinical outcome, drug-related side effects, and increased social health care costs. 8, 9 Moreover, it has been established that the proper use of medication is one of the important key factors for the self-management of most chronic diseases. 10 Therefore, it is important to improve medication adherence in patients with chronic diseases to minimize early deaths and social burden. 7, 11 Medication adherence is influenced by many different factors, such as medication factors, patient factors, physician factors, system-based factors, and so on. [12] [13] [14] Nonadherence behaviors broadly fall into two categories: 1) unintended nonadherence, which occurs due to forgetfulness, bad eyesight, and difficulty in movement and 2) intentional nonadherence, which occurs when medication is deliberately avoided, despite the ability to take the medication. 15 Intentional nonadherence arises when a patient decides not to take the treatment as instructed. 16 To increase medication adherence, it is critical to understand the underlying reason for nonadherence. Horne and Weinman proposed a recognition approach that is based on a necessity-concern framework. 10 They showed that medication beliefs are associated with medication adherence, illustrating that beliefs in medication may offer greater predictability than any other clinical or social factors.
Among the elderly population, the characteristics between those living alone and those living with families are different. The elderly living alone was used as a control for comparison with the elderly living with families, but the control group was not studied as a sample. Also, given that this subpopulation is at a greater risk of negative health consequences, it is especially important to identify the factors affecting medication adherence in order to design an intervention strategy that can improve adherence for this group. Therefore, we tried to investigate the factors that influence medication adherence targeting elderly people living alone with chronic diseases.
Participants and methods study design and participants
This cross-sectional study was conducted between June 1, 2016 and August 30, 2016. A total of 4,755 elderly people aged 65 years or older, who live alone and are registered in Seongnam Center for Home Health Care, were study subjects. Seongnam is one of the largest cities in Korea with a population of about 974,000 people. Trained nurses of the center visited the homes of patients to provide a general explanation of the purpose and contents of the study. Written informed consent was obtained from all individual participants included in the study. The inclusion criteria were as follows: 1) elderly individuals aged 65 years and older and 2) taking medication. People who were not able to participate in the survey due to visual impairment, hearing loss, or cognitive impairment (CI) were excluded. Also, people who were not at home during the study period or those who refused to participate in the study were not included. This study was approved by the Institutional Review Board of Seoul National University Bundang Hospital (institutional review board number B-1607/354-301).
Demographics and clinical characteristics
Participants were asked general questions on the survey, such as gender, age, marital status, education experience, religion, type of health insurance, and monthly income. The questionnaire also asked health-related questions, such as the number of chronic diseases, type of diseases, experience of drug-related side effects, medication satisfaction, number of prescribed drugs, burden of medication costs, and subjective health status.
Medication adherence
We used the Adherence to Refills and Medication Scale (ARMS) to assess medication adherence after obtaining approval of the original author. ARMS, developed by Kripalani et al, 17 was a valid and reliable adherence scale and its Korean version (ARMS-K) was also verified among Korean adults with diabetes by Kim et al. 18 The questionnaire consists of 12 questions, which are divided into two categories, adherence with taking medicines (eight items) and adherence with refilling of prescriptions (four items). Each item uses a four-point Likert response scale (1= none of the time, 4= all the time). Possible scores range from 12 to 48, with a lower score indicating greater adherence. Cronbach's α was found to be 0.801 for the internal consistency of ARMS-K by Kim et al.
Belief about medicines
We used the Belief about Medicines Questionnaire (BMQ) developed by Horne et al to assess the beliefs of patients about medication. 19 Four bilingual speakers, both English and Korean, completed the Korean version via the translation and back translation process. This questionnaire comprised two five-item scales assessing the beliefs of patients on the necessity of the prescribed medication for controlling their illness and their concerns about the potential adverse consequences of taking it. 20 Each item was scored on a five-point 
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Likert response scale (1= strongly disagree, 3= uncertain, 5= strongly agree). Two five-item scales indicating necessity and concerns were ranged from 5 to 25.
concepts and framework of patients' attitudes toward medications
The concepts of a relationship between beliefs about medication and medication adherence are shown in Figure 1 .
Patients' attitudes toward medication that were assessed using BMQ with the level of necessity and concerns are presented in Figure 2 . As in previous studies, 15, which was the midpoint on this scale, was used as a criterion for dividing the group into high and low necessity, as well as into high and low concern. 20, 21 There were four divisions in patient attitude: high necessity and low concern were classified as "accepting"; high necessity and high concern as "ambivalent"; low necessity and high concern as "skeptical"; and low necessity and low concern as "indifferent".
Data analysis
Descriptive analysis was performed to evaluate the general and clinical characteristics of participants. ARMS-K was analyzed using the means and standard deviation of each item. Several statistical techniques were used to analyze the relationship between beliefs about medication and adherence. The Student's t-test and one-way analysis of variance were used to examine the differences in the degree of adherence according to the demographic variables and clinical characteristics. To identify the difference in medication adherence among four attitudinal groups, one-way analysis of variance and post hoc test were used between groups; p-value of 0.017 was considered to indicate statistical significance (accounting for a Scheffe correlation). We used the chi-square test and correlation test to determine whether two variables were independent. Multivariable regression analysis was performed to investigate the factors that influence medication adherence. We controlled for independent variables that were significantly associated with medication adherence in univariate analysis or that we judged to be important based on other research: age, gender, attitudes of beliefs about medication, burden of drug costs, the presence of drug-related side effects, medication satisfaction, number of drugs, subjective health status, and type of health insurance. A p-value of ,0.05 was considered statistically significant. 13, 22, 23 All data analyses were performed using STATA software, Version 14.0 (StataCorp LP, College Station, TX, USA).
Results
Among the 4,755 elderly individuals living alone and registered at Seongnam Center for Home Health Care, 356 were excluded as they were either not home at the time of survey or refused to participate; an additional 559 patients were excluded as they were not on any medication. Of the remaining 3,840 patients, 514 were excluded for inappropriate responses in specific items including ARMS-K and BMQ.
As a result, a total of 3,326 patients were included for the analysis. Of them, 83.7% were women. Almost half of the participants (55.2%) were between the ages of 75 and 84 years. Moreover, 79.7% were widows, 42.7% were not educated, and 64.1% answered that they were religious. Two thirds had a monthly income of between 300,000 and 600,000 Korean won (KRW), which was approximately between 267 and 535 USD. Also, 24.8% were prescribed with more than 10 drugs. Those supported by medical aid program constituted 47.8% of the study population (Table 1 ). Of the 12 questions in the ARMS-K, the question regarding whether the patient planned ahead of time for medication refill before running out showed the highest percentage (65.6%), indicating lowest medication adherence. Conversely, we observed lowest percentage (4.6%) -highest medication adherence -for the question regarding whether the patient postponed medication refill due to high burden of drug costs. The average total score of all items was 16.08, with a standard deviation of 2.78 and a Cronbach's α of 0.73 (Table 2) .
On dividing the study population into groups depending on their attitudes toward medication, 49.7% (1,653 patients) were "ambivalent", 37.0% (1,230 patients) were "accepting", 11.4% (380 patients) were "indifferent", and 1.9% were skeptical (63 patients), as shown in Figure 2 . Comparisons of medication adherence by ARMS were made across these four attitudinal groups. Mean total score of ARMS was highest in "skeptical" group (17.32±3.70) and lowest in "accepting" group (15.66±2.23). There were significant differences among the four groups (F=16.23, p,0.001). Also, the "accepting" group reported significantly higher adherence than the "indifferent" group, "skeptical" group, and "ambivalent" group (all p,0.001; Table 3 ).
According to a univariate analysis with respect to determining the factors that affect medication adherence, attitudes toward medication, presence of drug-related side effect, and type of health insurance were associated with low adherence. Also, an increase in medication satisfaction, subjective health status, and number of drugs resulted in low adherence. In a multivariable regression, medication adherence was higher in patients who were accepting of medication, than in patients who were indifferent (p=0.003), skeptical (p=0.001), and ambivalent (p,0.001). Heavy burden of drug cost (β=0.109; 95% CI 0.03, 0.19) and perceived health status as poor (β=-0.151; 95% CI -0.27, -0.03) were associated with low adherence. Patients who experienced drug-related side effects (β=0.431; 95% CI 0.11, 0.75) and were dissatisfied with treatment (β=-0.626; 95% CI -0.77, -0.48) had lower adherence. Receiving medical aid was also significantly related with low medication adherence (β=0.655; 95% CI 0.42, 0.89; Table 4 ). Gender, age group, and number of prescribed medication were not associated with medication adherence.
Discussion
This study investigated medication adherence in elderly individuals living alone. In previous studies on elderly people with chronic diseases, high need or low concerns 
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Medication adherence and beliefs in the elderly living alone for medication were associated with high adherence. [24] [25] [26] These findings are consistent with our findings in elderly individuals living alone. One explanation for accordance is that the elderly groups in previous studies naturally included people who were living alone, which were the subjects and focus of this investigation.
In a previous study, Morisky et al found that knowledge, patient satisfaction, coping skills, stress level, and medication complexity are associated with adherence. 27 In addition, Rolnick et al found that factors such as gender, race, age, education level, and income are also likely to have an effect on medication adherence. 28 However, Horne and Weinman found that medication belief may be a more powerful predictor of medication adherence than gender, education experience, number of medications, and sociodemographic factors. 10 In this study, we discovered that patients with high need and low concern about medication (the accepting group) had higher adherence than patients with high need and high concern (the ambivalent group). In other words, our results were in line with Horne et al's study, highlighting that beliefs about medication may indeed be a powerful predictor. 21 Patients often have concerns about taking medication out of fear of drug dependence or side effects. 22, 29 Therefore, health care 
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Park et al professionals should be aware of these common concerns and make sure to maintain good communication with their patients to address such concerns.
Among common concerns, we found that drug-related adverse events particularly contributed to lower adherence. Hence, as a professional, it is important to share the known side effects of the prescribed drugs and to educate patients of ways to recognize and cope with them, enabling their confidence. In addition, aside from the adverse side effects of drugs, the use of complementary alternative medicines can complicate the treatment regimen. As the number of drugs to take increases, patients may be overwhelmed and psychologically burdened. Therefore, after assessing the side effects of the prescribed drugs, to better understand the reasons for lower adherence, it is important to determine whether patients are taking other medication, including complementary alternative medicines. It causes lower medication adherence in chronic diseases. 30, 31 Medication satisfaction was another key factor of predicting medication adherence. Factors affecting medication satisfaction were as follows: drug-related side effects, drug effectiveness, and flexible medication times. 32 Therefore, it is important for patients to know the specific purpose of taking the medication, such as prevention, symptom relief, and treatment. To maximize the effectiveness of medication, it is essential for patients to comply with prescriptions, such as dosage regimen, method, medication time, and so on. Efforts to minimize side effects and inconvenience of taking medication are needed to improve medication satisfaction. Moreover, research on the shape, design, and color of the drugs preferred by elderly patients should be considered.
We found that medication adherence was related to the type of health insurance. More than 48% of participants received government medical aid in this study. Medication adherence in patients with government medical aid was lower than that in patients with national health insurance. It is worth noting that government medical aid program is a part of the social welfare program in Korea and is for those with low socioeconomic status, suggesting that low socioeconomic status may be associated with low medication adherence, although there was no direct relationship between low income level and medication adherence in our study. People with low socioeconomic status are likely to have inadequate health behaviors and poor access to medical services, which may lead to low medication adherence, thereby resulting in poor overall health-related quality of life. 33 This study has several limitations. We only used a selfreported questionnaire to evaluate medication adherence. Therefore, it is possible that medication adherence was reported to be higher than actual adherence. A combination of different assessment methods, such as pill count, medication monitoring system, or pharmacy claims data, might be useful to assess accurate medication adherence. 34 Second, among the possible associated factors, we were unable to identify mild CI that affected medication nonadherence in the elderly population with chronic diseases. Cognitive processes affect managing medications. In a recent review article, it has shown that older adults with CI report lower adherence compared to cognitively intact people. 35 Even older adults with mild CI have poor adherence. 36, 37 We excluded patients with CI or dementia at the level of recruitment. However, the possibility of mild CI still remains, and memory as a barrier to adherence is important.
Finally, the included subjects were registered in the Center for Home Health Care, regularly receiving health care services. Hence, this study population may not be representative of the general population of elderly people living alone with chronic diseases. Future comparative studies are required to compare between elderly people living alone with home health care service and those without home health care service.
This study highlights the perspective that patients' beliefs about medication influence medication adherence, thus influencing whether they partake in the active role of disease management. Despite the effectiveness of medicine, without proper adherence on the part of patients, chronic disease management becomes difficult and challenging. To promote better adherence, it is critical for patients to have a better understanding of their diseases paired with a strong belief about their prescribed medication. In addition, these barriers to adherence of the elderly living alone should be considered in further intervention studies.
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